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Abstract  The  facial  nerve  (CN  VII)  emerges  from  the  facial  nerve  nucleus  in  the  pons.  It  is
accompanied  by  CN  VIII  along  its  cisternal  pathway,  as  well  as  at  the  internal  auditory  meatus.
Its petrous  pathway  includes  a  labyrinthine  segment,  a  horizontal  tympanic  segment  and  a
vertical mastoid  segment  until  the  stylomastoid  foramen.  It  then  continues  to  the  parotid  gland.
Pontine impairment  is  usually  associated  with  other  neurological  symptoms.  Lesions  of  the
cerebellopontine  angle  (most  often  meningioma  and  schwannoma)  initially  result  in  impairment
of CN  VIII.  The  impairment  of  CN  VII  takes  second  place.  Peripheral  impairment  (outside  of  a
traumatic  context)  is  most  often  due  to  Bell’s  palsy.
© 2013  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
Functions, clinics
The  facial  nerve  (seventh  pair  of  cranial  nerves)  is  a mixed  nerve  with  efferent  (motor  and
vegetative)  and  afferent  (sensitive  and  sensory)  nerve  ﬁbres.  It  consists  of  the  facial  nerve
properly  speaking  (CN  VII),  pure  motor  and  the  glossopalatine  nerve  (CN  VIIb)  [1].  It  is  the
nerve  from  the  second  branchial  arch  with  a  very  early  formation  within  the  acoustico-
facial  complex.  It  consists  of  the  juxtaposition  of  somitic  and  branchial  elements  of  the
cranial  nerve  nuclei,  in  particular  accounting  for  trigeminal  and  facial  nerve  anastomosis
[2].
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otor function (efferent pathway)
he  symptoms  associated  with  the  loss  of  this  function
re  in  general  those  motivating  the  consultation.  It  inner-
ates  the  platysma  muscles  of  the  face  and  neck  except
or  the  levator  palpebrae  superioris  (third  pair  of  cranial
erves).  Impairment  thereby  results  in  facial  asymmetry,  as
he  healthy  side  is  responsible  for  a  contralateral  attrac-
ion.  In  case  of  peripheral  impairment,  it  is  homogenous  on
he  upper  face  and  lower  face  but  is  not  accompanied  by
utomatic-voluntary  dissociation.  In  case  of  central  facial
erve  paralysis,  the  deﬁciency  is  predominate  on  the  lower
ace  and  is  accompanied  by  automatic-voluntary  dissocia-
ion.  Bell’s  sign  corresponds  to  an  automatic  upward  and
utward  movement  of  the  eye  (mechanism  of  corneal  pro-
ection)  when  the  subject  tries  to  close  his  eye.  Souques’
ign  is  only  found  in  cases  of  moderate  facial  nerve  paraly-
is  and  is  manifested  by  the  eyelashes  being  more  visible  on
he  pathological  side  when  the  patient  is  asked  to  close  his
yes.
The  severity  of  the  facial  impairment  may  be  assessed
ccording  to  the  extent  of  the  motor  deﬁciency  with
linical  scales,  also  allowing  it  to  be  monitored.  The  House-
rackmann  scale  is  most  often  used.  It  corresponds  to  a
lobal  score  ranging  from  I  (normal)  to  V  (total  paraly-
is).  The  motor  ﬁbres  via  the  collateral  branches  of  the
acial  nerve  are:  stapedial  nerve,  posterior  auricular  nerve,
igastric  nerve  and  stylohyoid  nerve  while  the  terminal
bres  are  destined  to  the  platysma  muscles  of  the  face  and
eck  (temporal,  zygomatic,  buccal,  mandibular  and  cervical
ranches).
isceral function (secretory efferent pathway)
n  the  one  hand,  it  comprises  the  parasympathetic  ﬁbres
estined  to  the  lacrimal  glands,  the  oronasal  mucous  mem-
ranes.  This  is  clinically  manifested  by  a  dry  eye.  On  the
ther  hand,  the  facial  nerve  innervates  the  sublingual  and
ubmandibular  salivary  glands.  Impairment  of  this  portion
hereby  is  manifested  by  a  reduction  in  the  ﬂow  of  saliva,
xcept  for  that  derived  from  the  parotid  gland  (glossopha-
yngeal  nerve).
ensitivity function
his  corresponds  to  the  Ramsay-Hunt  zone,  including  the  ear
anal,  the  auricle  and  the  retroauricular  region.
ensory function
his  involves  the  taste  sensitivity  of  the  anterior  two-thirds
f  the  tongue  and  the  palate  by  means  of  the  chorda  tym-
ani.
opography
rain stem nucleiotor  nucleus  of  facial  nerve
t  is  located  at  the  level  of  the  pons  in  front  and  lateral
o  the  nucleus  of  CN  VI.  There  is  a  certain  somatotopic
(
n
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rrangement  at  this  level  that  then  disappears.  From  here,
he  ﬁbres  run  towards  the  back  creating  a  loop  behind  the
ucleus  of  CN  VI  and  emerge  from  the  stem  just  above  the
ulbopontine  junction  between  CN  VIII  (above)  and  CN  VI  [3].
upranuclear  control  is  provided  by  the  corticospinal  tract.
t  is  bilaterally  projected  on  the  upper  part  of  the  nucleus
controlling  the  muscles  of  the  upper  face)  and  only  con-
ralaterally  for  the  lower  part  of  the  face  (accounting  for
he  predominant  impairment  on  the  lower  face  in  case  of
acial  nerve  paralysis  of  central  origin).  Central  impairment
ay  therefore  be  located  from  the  pre-central  gyrus  up  to
he  pontine  nucleus.
Projections  also  exist  from  the  facial  nuclei  to  the
xtrapyramidal  tract,  the  cerebellum,  other  nuclei  from
he  brain  stem  (nucleus  of  CN  V,  superior  olivary  complex,
ucleus  of  CN  VIII.  . .).
isceral  nuclei
hey  mainly  comprise  the  superior  salivary  nucleus,  the
acrimal  nucleus  and  the  solitary  nucleus  [4].  The  corre-
ponding  ﬁbres  group  along  part  of  their  pathway  within
he  glossopalatine  nerve.  There  are  then  several  divisions
nvolving  trigeminal-facial  nerve  anastomoses.
The  efferent  ﬁbres  correspond  to  the  secretory  parasym-
athetic  contingent.  They  arise  from  the  superior  salivary
ucleus  and  the  lacrimal  nucleus.  On  the  one  hand,  they
re  destined  to  the  lacrimal  gland  and  the  rhinopharyngeal
ucous  membrane.  They  correspond  to  the  greater  petrosal
erve,  extending  by  the  pterygoid  nerve  creating  a  synapse
t  the  pterygopalatine  ganglion.  In  addition,  they  innervate
he  submandibular  and  sublingual  glands  via  the  chorda  tym-
ani,  distally  rejoining  the  lingual  nerve  (trigeminal  branch).
The  afferent  ﬁbres  are  on  the  one  hand  sensitive  from
he  Ramsay  Hunt  zone,  also  running  along  the  lingual  nerve
nd  then  the  chorda  tympani  towards  the  spinal  tract  (CNV)
nd  gustative  perception  by  the  same  pathways  towards  the
olitary  nucleus.  The  latter  also  receives  the  gustatory  affer-
nces  from  CN  IX,  CN  X  and  CN  XI.
isternal segment
he  motor  ﬁbres  from  CN  VII,  after  adhering  to  the  pons
or  2  to  3  mm,  take  an  ascendant  and  lateral  direction  in
he  cerebellopontine  angle.  CN  VIIb  is  theoretically  sepa-
ated  although  in  close  contact  with  the  facial  nerve  in  the
isterne  and  separation  is  not  possible,  including  in  post-
urgery.  The  REZ  is  found  about  2  mm  after  the  emergence
f  the  brain  stem  (although  this  may  go  up  21  mm).  This  cor-
esponds  to  the  theoretical  zone  where  the  oligodendrocytes
central  nervous  system)  turn  into  Schwann  cells  (peripheral
ervous  system)  [5].
ntracanalicular segment (internal auditory
eatus)
ibres  from  CN  VII  and  CN  VIIb  are  grouped  at  the
nterior-superior  part  of  the  internal  auditory  meatus
IAM),  motor  ﬁbres  covering  the  sensitive  ﬁbres.  An  arach-
oid  layer  invaginates  at  the  bottom  of  the  IAM  (or
ven  up  to  the  geniculate  ganglion  according  to  certain
uthors).
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Petrous segment (Fallopian canal)
It  corresponds  to  the  facial  canal  and  is  separated  in  three
portions  [1].
First  portion:  labyrinthine
It  runs  from  the  fundus  of  the  IAM  to  the  geniculate  gan-
glion.  The  facial  nerve  runs  outside  and  in  front,  between
the  cochlear  and  the  vestibular.
Geniculum  of  the  facial  nerve:  geniculate  ganglion
It  is  located  in  the  petrous  bone  posterior-laterally  with
respect  to  the  internal  carotid  artery,  posterior-median  with
respect  to  the  spinosum  foramen,  anterior  with  respect  to
the  superior  semicircular  canal.  It  contains  the  cell  bodies
derived  from  the  nerve  of  the  chorda  tympani  (taste  and  sen-
sitivity).  However,  the  motor  ﬁbres,  including  the  visceral
ﬁbres,  pass  without  creating  synapse  as  their  cell  bodes  are
located  in  the  brain  stem.
The  greater  superﬁcial  petrosal  nerve  arises  at  this  level.
It  exits  from  the  base  of  the  skull  through  the  foramen
of  the  greater  petrosal.  It  then  passes  by  the  trigeminal
cave  to  join  the  pterygoid  canal  where  it  is  joined  by  the
deep  petrosal  nerve  (sympathetic  contingent  derived  from
CN  IX)  to  form  the  nerve  from  the  pterygoid  canal.  The  lat-
ter  passes  through  the  pterygopalatine  fossa  to  end  at  the
pterygopalatine  ganglion,  then  gives  rise  to  branches  anasto-
mosing  with  the  branches  of  trigeminal  V1  (lacrimal)  and  V2
(oronasal).
Second  portion:  horizontal  or  tympanic
Its  path  is  posterior  from  the  geniculate  ganglion,  under
the  lateral  semicircular  canal  between  the  vestibule  and
the  eardrum.  There  is  no  collateral  anastomosis  at  this
level.
Third  portion:  vertical  or  mastoidal
The  nerve  descends  vertically  between  the  eardrum  and  the
ear  canal.  Three  collateral  branches  arise  at  this  level:
• acoustic  (stapedius  muscle);
• chorda  tympani  (efferent  ﬁbres  for  the  submandibular  and
sublingual  glands  and  afferent  ﬁbres  for  taste  of  the  ante-
rior  two-third  of  the  tongue).  It  crosses  the  middle  ear  at
the  level  of  the  eardrum  then  passes  by  the  petrotympanic
ﬁssure  to  join  the  lingual  nerve  (branch  of  CN  V3);
• sensitive  branch  for  the  auricular  region.
Stylomastoid foramen, parotid
It  corresponds  to  the  emergence  of  the  facial  nerve  at
the  bottom  of  the  skull.  It  is  located  outside  of  the  sty-
loid.  Immediately  after  its  passage,  the  facial  nerve  leaves
branches  for  the  cervical  muscles  (auricular,  digastric,
stylohyoid.  . .) and  then  enters  the  parotid  to  give  rise  to  mus-
cular  temporofacial  and  cervicofacial  branches  in  contact
with  the  posterior  side  of  the  external  jugular.
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omplementary examinations outside of
maging
lectroneuromyography
t  can  conﬁrm  the  existence  of  a  facial  nerve  lesion,  char-
cterise  it  (axon  impairment  or  demyelinising,  conduction
lock),  quantify  the  motor  denervation  and  provide  progno-
tic  information.  It  comprises  two  parts:
neurography  (or  stimulodetection),  during  which  the  stim-
ulation  of  the  facial  nerve  in  front  of  the  ear  generates
a  muscle  contraction  recorded  by  surface  electrodes  on
different  facial  muscles  (orbicularis  oculi  muscle,  nasalis
muscle,  orbicularis  oris  muscle).  Comparison  between
the  impaired  side  and  the  healthy  side  helps  quantify
the  extent  of  the  impairment  and  follow  the  evolution.
Study  of  the  blink  reﬂex  is  used  to  assess  the  reﬂex  arc
between  the  trigeminal  nerve  (arc  related  by  branches  of
the  supraorbital  nerve)  and  facial  nerve  (efferent  arc  by
its  motor  ﬁbers).  Relays  exist  in  the  pons  and  the  medulla,
this  review  thereby  providing  complementary  information
about  the  brain  stem  [2].  In  case  of  facial  nerve  paralysis,
its  very  early  persistence  in  the  initial  phase  is  an  element
indicating  a  good  prognosis;
the  electromyography  properly  speaking  (or  needle  detec-
tion),  during  which  a  needle  is  successively  inserted  in  the
orbicularis  oculi  muscle  and  then  the  orbicularis  oris  mus-
cle,  in  order  to  study  the  appearance  of  the  line  when  at
rest  and  in  contraction.  The  abnormal  presence  of  spon-
taneous  activity  when  at  rest  such  as  ﬁbrillations  or  slow
potentials  is  a sign  of  denervation,  although  these  activ-
ities  only  appear  with  a  delay  (8—10  days  for  the  facial).
During  the  voluntary  contraction,  the  appearance  of  a
number  of  motor  unit  potentials  as  well  as  their  mode
of  recruitment  provide  both  quantitative  and  prognostic
elements  as  to  current  or  future  reinnervation.
The  value  of  the  electroneuromyography  (ENMG)  depends
n  the  time  after  the  occurrence  of  the  facial  nerve  paral-
sis:  during  the  ﬁrst  days,  the  blink  reﬂex  is  certainly  the
est  prognostic  tool,  before  a full  PFP.  As  of  the  eighth  day,
he  classic  neurograph  and  needle  EMG  provide  informa-
ion  about  the  possible  existence  of  active  denervation  and
uantify  it.  On  a  longer-term  basis,  the  ENMG  helps  predict
hether  or  not  the  reinnervation  will  continue.
araclinical examinations carried out by the
RL
n  addition  to  the  systematic  otoscopy,  vestibular  testing  and
ure-tone  audiometry,  certain  tests  may  be  carried  out  to
etermine  the  location.
chirmer’s  test
f  the  result  is  pathological  (unilateral  lacrimal  deﬁciency),
t  locates  the  impairment  upstream  from  the  origin  of  the
reater  superﬁcial  petrosal  nerve  (origin  at  the  geniculate
anglion)  or  along  its  path  (isolated  impairment  of  this  con-
ingent  without  impairment  of  the  rest  of  the  functions,  in
articular  motor  functions  of  the  facial  nerve).
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subjects.  The  segments  outside  of  the  facial  canal  are  nor-
mally  not  or  are  barely  enhanced.  Moreover,  enhancement
of  the  internal  acoustic  meatus  involving  CN  VII  and  CN  VIII
should  be  considered  as  pathological.  Recently,  certain  3T036  
tapedial  reﬂex:  acoustico-facial
he  clinical  translation  is  painful  hyperacousis.  After  a  sound
timulus,  the  afferent  arc  passes  via  the  cochlear  and  olivary
uclei.  The  efferent  arc  passes  via  the  ipsi  and  contralateral
ccessory  facial  motor  nuclei  towards  the  stapedius  muscle.
ts  alteration  may  therefore  be  related  to  the  facial  nerve,
uditory  nerve  or  impairment  of  the  middle  ear.  It  is  abol-
shed  if  there  is  a  lesion  located  upstream  or  on  the  stapedius
erve  (origin  on  the  mastoid  portion  of  the  facial  nerve).
bout  50%  of  all  patients  presenting  a  spasm  of  the  hemi-
ace  have  anomalies  on  this  reﬂex  arc  and  are  normalised
fter  surgery.
lectrogustometry
t  is  abnormal  with  impairment  upstream  or  on  the  chorda
ympani.
maging
ndications
maging  is  not  systematic  with  peripheral  facial  nerve  paral-
sis  (although  it  is  with  central  facial  nerve  paralysis).  It  is
ndicated  when  confronted  with  a  progressive  or  recurrent
nstallation,  a  serious  non-regressive  form  or  association
ith  other  symptoms  suggesting  impairment  of  other  cranial
erves.
xploration protocols
rientation  towards  a  ‘‘central’’  origin
t  is  suspected  in  case  of  impairment  of  other  cranial  nerves
uch  as  CN  VI  or  impairment  of  the  long  pathways.  The  min-
mum  protocol  consists  of:  Flair,  T2*,  diffusion,  if  necessary
ompleted  by  T2  in  thin  sections,  MR  angiography,  and  an
njection.
opographic  orientation  at  the  cerebellopontine
ngle  or  internal  auditory  meatus
t  is  suspected  in  case  of  impairment  associated  with  CN  VIII.
Sequences  centred  at  this  level  are  obtained:  CISS  or
IESTA  T2-very  weighted  sequences,  ﬁne  high  resolution  T1
ections  without  and  with  gadolinium.  A  full  exploration  of
he  brain,  in  particular  with  injection,  is  required  in  case  of
eningeal  disease.
opographic  orientation  of  the  petrosal  bone
he  CT-scan  of  the  petrosal  bones  is  examined  in  ﬁrst
ntention  in  a  traumatic  context.  In  other  situations,
he  MRI  and  CT-scan  are  most  often  complementary.
RI  exploration  at  the  temporal  bone  is  carried  out  in
igh  resolution  T2  and  high-resolution  thin  section  T1
ith  fat  saturation  without  and  after  the  injection  of
adolinium.  The  diffusion  sequence  may  be  useful  in  cer-
ain  situations,  in  particular  when  a cholesteatoma  is
uspected.  The  parotid  gland  should  be  included  dur-
ng  the  exploration  of  isolated  peripheral  facial  nerve
aralysis.
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ormal appearance in sections
he  facial  colliculus  is  prominent  in  the  ﬂoor  of  the  fourth
entricle  (corresponding  to  the  curve  of  the  facial  nerve
round  the  nucleus  of  CN  VI).  It  is  easily  identiﬁed  on  the
xial  sections  by  MRI  (Fig.  1).
The  facial  nerve,  along  its  cisternal  pathway  and  at  the
AM,  is  easily  detected  by  MRI,  in  particular  on  the  CISS  or
IESTA  sequences  (Fig.  2).  CN  VII  and  CN  VII  b  cannot  be
ifferentiated.
Within  the  petrosal  bone,  the  facial  nerve  is  contained  in
 bone  canal,  indirectly  enabling  its  localisation  at  this  level
y  CT-scan  by  locating  the  canal  (Fig.  3).  In  axial  section,  the
uscle  of  the  tensor  tympani  should  not  be  confused  with
he  tympanic  segment  (continuing  towards  other  segments
n  the  over  and  underlying  segments).  In  MRI,  the  facial
erve  may  be  seen  in  an  inconstant  manner  on  the  three
ortions  in  particular  in  T1  after  injection  or  in  3D-Flair.
he  collateral  branches  are  usually  not  identiﬁable.
The  facial  nerve  cannot  be  detected  within  the  parotid
land  with  conventional  imaging.  The  use  of  a  diffusion  ten-
or  imaging  sequence  may  sometimes  help  delimit  it  and
pecify  its  relationship  with  a  parotid  lesion.
ormal enhancement
ertain  portions  of  the  facial  nerve  present  a  close
natomical  relationship  with  vascular  structures.  Therefore,
nhancement  is  often  found,  in  particular  in  the  facial  canal,
hose  normal  or  pathological  nature  is  sometimes  difﬁcult
o  determine  [6,7]. Nevertheless,  intense  enhancement  in
he  ﬁrst  and  third  portion  is  not  usually  observed  in  normaligure 1. MRI in axial section of the brain stem in T2. Protrusion
f the facial colliculi at the ﬂoor of the fourth ventricule (tip of
rrow) corresponding to the curve of the facial nerve around the
ucleus of CN VI.
Facial  nerve:  from  anatomy  to  pathology  1037
Figure 2. MRI in CISS sequence centred on the internal acoustic meatus. a: axial section revealing the facial nerve in anterior situation
within the acoustico-facial; b: oblique sagittal section perpendicular to the axis of the IAM, the facial nerve is in anterior-superior position
the cochlear nerve in anterior-inferior position, the superior and inferior vestibular nerves behind.
Figure 3. CT-scan of the petrosal bone. a: reconstruction in oblique sections revealing the tympanic and mastoid section of the facial
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fnerve in the petrosal bone; b: axial section revealing the labyrinthi
MRI  studies  have  reported  the  superiority  of  3D-FLAIR  after
injection  compared  with  T1  after  injection  with  fat  satura-
tion  in  the  interpretation  of  the  enhancement  of  the  facial
nerve,  in  particular  in  terms  of  speciﬁcity  [8].
Congenital anomalies affecting the pathway of
the facial nerve
Dehiscence  of  the  facial  canal
It  is  frequent  in  anatomopathological  studies  and  only
involves  focal  zones.  The  tympanic  segment  is  the  segment
preferentially  affected.  In  cases  of  inﬂammatory/infectious
impairment  of  the  middle  ear,  this  defect  in  bone  covering
accounts  for  a  zone  of  weakness  [9].
Variants  of  the  intrapetrous  pathway
They  should  be  reported  in  a  pre-surgical  assessment,  espe-
cially  since  they  are  often  associated  with  ear  malformations
(stenosis  or  atresia  of  the  ear  canal,  hypoplasia  or  atresia  of
the  fenestra  vestibuli.  .  .).
Labyrinth  portion  variants
It  may  be  biﬁd.
T
m
a
ation and the geniculate ganglion.
ympanic  portion  variants
he  tympanic  portion  is  caracterised  as  below:
biﬁd;
absent  (the  third  portion  is  very  anterior  in  this  case);
procident  (in  front  of  the  fenestra  vestibuli),  often  accom-
panied  by  agenesis  of  the  fenestra  vestibuli,  this  picture
being  responsible  for  transmission  deafness;
passage  between  the  branches  of  the  stapes,  also  respon-
sible  for  transmission  deafness.
astoid  portion  variants
astoid  portion:
biﬁd;
situation  very  anterior  in  case  of  major  aplasia  or  even
absent.
athologies responsible for peripheral
acial nerve paralysishe  main  aetiology  is  Bell’s  palsy  (60%)  followed  by  a  trau-
atic  origin  (17%),  inﬂammatory  or  infectious  causes  (10%),
nd  tumoral  causes  (6%).  The  frequency  of  the  different
etiologies  depends  on  the  lesion  topography.
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uclear impairment
ven  if  we,  in  the  strict  sense,  speak  of  central  topography,
he  clinical  translation  will  be  peripheral.  Nevertheless,  in
iew  of  the  proximity  of  other  nuclei  and  tracts  belonging
o  other  long  pathways,  facial  impairment  is  rarely  iso-
ated.
The  most  frequent  aetiologies  are  tumoral  (primary  or
econdary),  inﬂammatory  (Fig.  4)  or  ischemic.  The  mode  of
nstallation  as  well  as  the  MRI  characteristics  of  the  signal
nomaly  of  the  brain  stem  most  often  suggest  an  orienta-
ion.
With  ischemia,  two  syndromes  have  in  particular  been
istinguished:
igure 4. T2 TIRM in coronal section on the brain stem revealing a
rotuberance hypersignal along the pathway of the facial nerve just
efore it emerges in the cerebellopontine angle in a patient pre-
enting peripheral facial nerve paralysis. Diagnosis of inﬂammatory
isease of the central nervous system after a full assessment.
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igure 5. Axial T1 after injection of gadolinium revealing a symmetric
nhancement in posterior fossa (b). Carcinomatous meningitis conﬁrmedF.  Toulgoat  et  al.
Millard-Gubler  syndrome:  homolateral  impairment  of  CN
VII  and  contralateral  motor  deﬁciency  respecting  the
face;
Foville  syndrome:  homolateral  impairment  of  CN  VII,
homolateral  impairment  of  CN  VI,  paralysis  of  the  lateral-
ity  towards  the  lesion  and  contralateral  motor  deﬁciency
respecting  the  face.
erebellopontine angle and internal acoustic
eatus
n  view  of  the  proximity  of  CN  VIII,  the  latter  is  in  general
ymptomatic,  most  often  dominating  the  picture  (deafness,
ertigo,  hyperacousis,  tinnitis. .  .).
Certain  more  voluminous  processes  may  also  be  respon-
ible  for  impairment  associated  with  CN  V  or  CN  VI  or  even
ong  pathways  at  the  brain  stem.  The  aetiologies  may  be
ivided  into  two  groups:
bilateral  impairment  with  diffuse  meningeal  enhance-
ment:  carcinomatous  meningitis  (Fig.  5),  hemopathies
(lymphoma,  leukaemia),  infectious  meningitis  (Lyme’s
disease,  tuberculosis. .  .) or  even  inﬂammatory  menin-
gitis  (sarcoidosis. . .),  Miller-Fischer  syndrome  (form  of
Guillain-Barré  syndrome);
mass  syndrome:  meningioma,  schwannoma  (of  CN  VIII  or
VII  —  Fig.  6).
A  vascular  conﬂict  on  the  cisternal  pathway  of  CN  VII
Fig.  7)  may  be  manifested  by  a  spasm  of  the  hemiface  (con-
ict  on  the  motor  branch)  or  a  neurlgia  of  CN  VII  (conﬂict  on
N  VII  b  —  paroxysmal  otalgia).  The  spasm  of  the  hemiface
s  attested  to  by  clonus  of  the  hemiface  beginning  at  the
ower  eyelid  and  then  progressing  to  the  entire  hemiface.  In
his  situation,  a  time  of  ﬂight  MR  angiography  is  helpful.  The
essible  responsible  for  the  conﬂict  is  in  general  an  artery.  A
ein  or  a  vascular  malformation  is  rarely  involved.  The  artery
ost  often  involved  in  the  PICA,  impairment  related  to  the
ICA,  the  homo  or  even  contralateral  vertebral  is  possible
5,10].  In  view  of  the  frequency  of  vasculo-nervous  contacts
al bilateral enhancement of the IAM (a), a diffuse leptomeningeal
 with the lumbar puncture.
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Figure 6. Axial T1 2 mm after injection of gadolinium. Enhanced
sudden,  sometimes  preceded  by  mastoid  pain.  Dysgeusia  is
often  associated.  The  aetiology  may  be  a  viral  reactivation
of  herpes  (most  often  HSV1).  The  prognosis  is  most  often
good.  The  imaging  does  not  indicate  the  isolated,  typi-
cal  forms  (sudden  onset,  benign  evolution).  However,  an
atypical  presentation  (progressive  onset  or  slow  or  even  no
recovery,  impairment  of  other  cranial  pairs  or  considerable
associated  pain),  the  total  lack  of  recovery  after  6  months  or
a  recurrence  should  lead  to  a revision  of  the  diagnosis  and
indicates  the  necessity  of  an  MRI.  In  cases  of  Bell’s  palsy
[11], it  detects  the  enhancement  of  the  facial  nerve  with
regular  enhancement  (Fig.  8).  All  segments  from  the  inter-
nal  acoustic  meatus  right  to  the  mastoid  portion  may  be
involved.  Nevertheless,  enhancement  is  often  found  at  the
bottom  of  the  IAM,  from  the  ﬁrst  portion  of  the  facial  nerve
and/or  geniculate  ganglion.  This  enhancement  is  aspeciﬁc.
A  thick,  irregular  or  nodular  aspect  is  atypical  for  Bell’s
palsy  and  should  lead  to  an  enlargement  of  the  aetiological
assessment.
Geniculate  herpes  zoster  is  also  a common  viral  aeti-
ology.  It  actually  corresponds  to  a  resurgence  of  VZV  in
the  geniculate  ganglion.  The  otalgia  preceding  the  facial
nerve  paralysis  is  often  very  intense  as  opposed  to  Bell’s
palsy.  The  facial  nerve  paralysis  is  sudden  and  very  quickly
total.  The  vesicular  eruption  in  the  Ramsay  Hunt  zone  is
pathognomonic  but  inconstant.  Signs  of  neuritis  of  CN  VIII
are  frequently  associated,  more  rarely  other  cranial  nerves.
The  other  infectious  aetiologies  most  often  found  are
HSV,  MNI,  Lyme’s  disease  and  syphilis.
Complications  of  infectious  impairment  of  the  middle
ear
Acute  otitis  media  may  be  complicated  by  peripheral  facial
nerve  paralysis.  The  evolution  is  generally  favourable  after
antibiotic  therapy.  Dehiscence  of  the  tympanic  segment  of
the  facial  canal  is  a  favouring  factor.  In  case  of  chronicity  of
the  otitis  media,  the  occurrence  of  facial  impairment  will
most  often  be  due  to  a  cholesteatoma  or  a  cholesterol  gran-tissue lesion of the cerebellopontine angle invading the IAM.
Schwannoma.
in  the  healthy  subject,  the  conﬂict  is  considered  to  be  patho-
logical  only  at  the  REZ  level  (2  to  3  mm  after  the  emergence
of  the  nerve  from  the  brain  stem),  since  this  contact  is  per-
pendicular  and  involves  a  deformation  of  the  nerve.  The
role  of  the  vasculo-nervous  conﬂict  in  other  cases  is  dis-
cussed.  A  tumoral  aetiology  when  confronted  with  a  spasm
of  the  hemiface  is  suspected  in  case  of  facial  nerve  paralysis
and/or  another  associated  neurological  disorder.  Injections
of  botulinum  toxins  in  the  muscles  involved  may  be  bene-
ﬁcial.  Surgical  decompression  may  be  proposed  when  the
vasculo-nervous  conﬂict  is  detected.
Facial canal
Infectious  aetiologies
Viral  aetiologies
The  most  common  as  well  as  the  primary  cause  of  periph-
eral  facial  nerve  paralysis  is  Bell’s  palsy.  However,  this
involves  a  diagnosis  by  elimination.  The  installation  is
Figure 7. Axial T2 3 mm. Unrolled appearance of the left verte-
bral responsible for a vasculo-nervous conﬂict with CN VII revealed
by a spasm of the hemiface.
uloma,  even  if  it  remains  a  rare  complication  in  these  cases.
Tuberculosis  should  be  tested  for  in  case  of  complication  of  a
chronic  otitis  media  without  cholesteatoma  [12].  Malignant
external  otitis  may  also  be  complicated  by  facial  impairment
within  the  petrosal  bone  with  a  pseudo-tumoral  appearance
in  the  imaging.
Figure 8. Axial T1 2 mm after injection of gadolinium and fat
saturation. Fine but intense enhancement of the facial nerve in
the bottom of the internal acoustic meatus, continuing in the ﬁrst
portion of the facial nerve and geniculate ganglion. Bell’s palsy.
1040  F.  Toulgoat  et  al.
Traumatic  aetiology
It  is  observed  in  50%  of  all  transverse  fractures  (account-
ing  for  less  than  20%  of  all  fractures  of  the  petrosal  bone)
as  opposed  to  20%  in  longitudinal  fractures  [13]. It  is  mainly
related  to  impairment  of  the  geniculate  ganglion  or  the  mas-
toid  segment.  Trans-labyrinth  impairment  is  searched  for  in
case  of  associated  vertigo  and/or  total  deafness,  (Fig.  9).
Sometimes,  the  fracture  line  is  not  visible,  an  indirect  sign
being  the  ﬁlling  of  the  mastoid  cells.  The  mechanism  and
care  differ  according  to  the  time  before  the  installation
after  the  trauma:
• secondary:  its  origin  is  inﬂammatory  with  a  favourable
prognosis  under  corticoids;
• immediate  and  complete:  the  mechanism  is  a  section  or
a  compression.  Early  surgery  may  be  indicated.
In  view  of  a  traumatic  facial  nerve  paralysis  without  ele-
ments  pointing  to  the  petrosal  bone,  it  is  necessary  to  search
for  impairment  on  another  segment  (brains  stem,  parotid).
An  iatrogenic  origin  may  also  be  found,  in  particular  in
case  of  a  non-detected  anatomical  variant.
Tumoral  aetiology
The  possibility  is  raised  with  incomplete,  ﬂuctuating,
recurrent  or  progressive  peripheral  facial  nerve  paralysis,
preceded  or  accompanied  by  a  spasm  of  the  hemiface.  The
petrosal  bone  is  the  most  frequent  topography,  in  particular
with:
• facial  schwannoma:  it  is  possible  along  the  entire  path-
way  although  it  is  most  often  found  at  the  bottom  of  the
IAM,  on  the  geniculate  ganglion  or  in  its  tympanic  segment
(Fig.  10).  In  case  of  impairment  of  the  geniculate  gan-
glion,  the  appearance  of  pseudomeningioma  of  the  middle
fossa  is  detected  [14];
• hemangioma  of  the  facial  nerve:  it  is  located  at  the  genic-
ulate  ganglion.  The  characteristic  MRI  elements  include
a  very  hyper  T2  as  well  as  intense  enhancement.  The
honeycomb  appearance  on  the  CT-scan  highly  suggests  it
[15];
• jugulotympanic  paraganglioma:  the  diagnosis  may  be  sus-
pected  along  with  the  otoscopy  in  view  of  a  retrotympanic
Figure 9. Transverse fracture of the petrosal bone passing by the
jugular bulb, the labyrinth and exhausting itself at the geniculate
ganglion.
Figure 10. Axial T1 2 mm arter injection of gadolinium and fat
saturation. Thick enhancement of the facial nerve at the bottom
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he facial nerve and geniculate ganglion. Schwannoma of the facial
erve.
bluish  mass.  In  the  imaging,  it  is  characterised  by  bone
lysis,  very  intense  enhancement  of  the  images  with  ﬂow
void  corresponding  to  dilated  vascular  structures.
nﬂammatory  aetiologies
hey  are  responsible  for  nervous  inﬁltration.  The  most  com-
on  are  sarcoidosis  and  Wegener’s  granulomatosis.
arotid
he  tumoral  lesions  at  the  level,  responsible  for  facial
mpairment,  are  in  general  malignant  [16]. It  may  consist  of
rimary  tumours  (adenoid  cystic  carcinoma),  of  intraparotid
etastasis  (Fig.  11).
Facial  schwannoma  may  also  develop  on  its  parotid  seg-
ent.  The  signal  characteristics  in  MRI  are  close  to  those  of
 pleomorphic  adenoma.  Therefore,  a  tumoral  extension  is
earched  for  along  the  facial  nerve,  in  particular  along  the
tylomastoid  foramen  with  foraminal  enlargement  without
steolysis  helping  in  the  diagnosis.
igure 11. Coronal T1 3 mm after injection of gadolinium and fat
aturation, centred on the parotids. Intraparotid nodular lesion with
nhancement continuing along the facial nerve in its third portion.
nhanced nodular lesion of the left parietal intracebral. Metastatic
issemination within renal cell carcinoma.
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Perineural impairment
This  corresponds  to  the  dissemination  of  tumoral  cells  along
the  nerve  sheath.  In  view  of  the  richness  of  the  nerve  anas-
tomoses  between  CN  V  and  CN  VII  (greater  petrosal  nerve),
there  are  numerous  possible  pathways  for  propagation.
The  main  neoplasms  found  consist  of  carcinoma  of  the
head  and  neck,  melanoma  and  lymphoma  [17].  The  signs  to
look  for  include:
• an  increase  in  the  calibre  of  the  nerve  with  irregular,
nodular  enhancement;
• enlargement  of  the  foramens  of  the  base  of  the  skull;
• effacement  of  the  perineural  fat,  to  look  for  more  specif-
ically  in  the  pterygopalatine  fossa;
• signs  of  denervation  on  the  muscle  groups  involved.
It  is  important  to  search  for  this  dissemination,  especially
since  it  may  be  asymptomatic,  in  view  of  the  modiﬁcations
in  the  therapeutic  care  (passage  from  curative  to  palliative
in  certain  cases).
Paediatric aetiologies [9]
Newborn
It  may  involve  an  obstetrical  trauma  or  a  congenital  anomaly.
In  the  latter,  the  main  aetiologies  are  facial  hypoplasia
(identiﬁed  by  a  small  canal  on  the  CT-scan  of  the  petrosal
bone),  Möbius  syndrome  (facial  diplegia  associated  with
impairment  of  CN  VI  with,  in  the  MRI,  hypoplasia  of  the  brain
stem  and  absence  of  the  nerve  detected  in  the  cistern)  and
ear  aplasia  (most  often  a  malposition  of  CN  VII,  rarely  with
facial  nerve  paralysis).
Infant  and  child
Although  the  leading  aetiology  also  remains  Bell’s  palsy,  it
is  less  frequent  than  in  the  adult.  Post-otitic  impairment  is
frequent  in  view  of  the  prevalence  of  otitis  in  the  paediatric
population.  Viral  causes  are  also  found,  more  particularly
with  facial  diplegia.  Like  in  the  adult  Lyme’s  disease  is  not
exceptional.
The  most  common  tumoral  causes  in  paediatrics  are  rhab-
domyosarcoma  of  the  petrosal  bone,  histiocytosis  and  the
hemopathies.  Schwannomas  are  much  more  rare  and  most
often  are  included  with  neuroﬁbromatosis  type  2.
TAKE-HOME  MESSAGES
• The  exploration  of  peripheral  impairment  of  the
facial  nerve  is  carried  out  from  the  brain  stem  to
the  parotid;
• Enhancement  of  the  facial  nerve  is  pathological
outside  of  the  facial  canal,  if  it  is  intense  on  the
second  and  third  portions  or  if  it  extends  to  CN  VIII
or  is  located  outside  of  the  petrosal  bone  (acoustic
meatus,  after  the  stylomastoid  foramen);
• Bell’s  palsy  is  the  most  frequent  aetiology.  However,
MRI,  the  ﬁrst  intention  examination,  is  not
systematic  except  in  case  of  atypies,  recurrent
or  aggravating  symptoms.
Clinical case
A  40-year  old  man  presenting  progressive  moderate  facial
nerve  paralysis  for  2  years  without  other  associated,  in  par-
ticular  audio-vestibular  signs.  A  CT-scan  of  the  petrosal  bone
is  ﬁrst  carried  out  (Fig.  12).  A  complementary  MRI  is  carried
out  (Fig.  13).
Questions
1.  What  anomaly  is  found  in  this  examination?
2.  What  do  you  suspect  are  the  main  aetiologies?
3.  What  will  be  your  minimum  protocol?
4.  What  anomalies  are  seen  in  this  sequence?
5.  What  element  with  a  high  diagnostic  orientation  may
have  been  found  in  the  CT-scan?
Answers
1.  Osteolysis  centres  on  the  geniculate  ganglion.
2.  Facial  hemangioma,  schwannoma,  metastasis.
3.  Axial  T1  2  mm  without  and  with  gadolinium  (±  with  fat
saturation).  Coronal  T1  2  mm  with  injection  of  gadolin-
ium  (±  with  fat  saturation).  High  resolution  axial  T2
2  mm.
Figure 12. Scanner of the petrosal bone in axial sections, passing
by the geniculate ganglion. Osteolysis at this level, with hazy and
irregular edges.
Figure 13. T1-weighted MRI after injection of gadolinium in axial
sections. Intense and homogenous enhancement corresponding to
the zone of osteolysis seen in the CT-scan.
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.  Intense  and  homogenous  enhancement  in  the  osteolytic
zone.  The  diagnosis  retained  is  hemangioma  of  the  facial
nerve  (conﬁrmed  with  surgery).
.  Appearance  of  the  bone  framework  at  the  geniculate
ganglion  in  honeycomb  matrix.
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